Is Reuistace Still increasing ?
Although the evidence is scanty, it is probable that the incidene of R factors in normal intestinal E. coli increasd in parallel with their incidence in salmoi9lla and shigella. Recent reports (Salzman & Klemm 1967 , Lewis 1968 , Moorhouse 1969 confirm their current prevalence in normal focal flora, but in 1960 Japanese workers found R+E. coUl in only 4% of healthy people (Harada et al. 1960) . The stability of R factors is very variable; spontaneous losses would gradually reduce the incidence of resistance if no antibiotics were used. Increasing use, or the use of a. wider rane of drugs, is likely by selection to increase the frequency or multiplicity of resistance. One consequence would be an increase in parenteral infections, particularly urinary infections, insusceptible to treatment with drugs previously effective. RFRENCS A_uinE 9X (1898) Brit. med. J. iii, 333 (196)i, 263 (1969) AEsI,v.Dwe in Kinetic theorems of cellular regulation, and in particular the 'network theorem', which emphasizes the mutual interdependence of the various cellular components, predict that living cells should be. adaptable to changes in environment, and that this plsicity should reveal itself in changes in cell composition and in particular in the proportions of enzym (Dean & Hinshel-. wood 1966) . In the steady state of growth in a given environnment, the cellular composition should be constant. This has been confirmed experimentally (Herbert 1961 , Dean & Rogers 1967 , and furthermore it is easily shown mathematically that in the steady state each component increases with time in accordance with the autosynthetic law, x=xoekt. If the conditions change, the proportions of the various components will then adjust themselves to those ratios compatible with the. optimum rate of growth in the new environment. This is also a commonplace in, for example, the enzymic adaptation of cells to utilize new sources of nutrient, enzymes no longer necessary diminishing in amount while those specially needed increase. The view has long been held, by the late Sir Cyril Hinshelwood and myself, that drug resistance could arise in a somewhat analogous manner. A certain degree of selectivity of action is also a prerequisite, since no adaptation would be possible if the rates of all the reactions in the cell were reduced to the same extent, and this would also apply if resistance was the result of a loss of receptors, the resistant forms adsorbing no drug at all. Given then a specificity of action, which appears to be the common rule, it is envisaged that the drug interferes with the working, but not with the reproduction, of a particular enzyme, so that the supply of intermediate to the next enzyme in the sequence is reduced. Enzymes later in the reaction sequence are held up and cellular multiplication lags, while enzymes occurrig earlier continue to function, with the result that the inhibited enzyme increases in amount until the antagonism of the drug has been overcome. Alternatively the enzyme balance of the cells could change and resistance arise by the bringing into greater operation of a minor pathway less susceptible to the drug, or by the development of enzymes capable of destroying the drug.
Various lines of evidence support such an adaptive hypothesis in experiments which have been largely carried out using Klebsiella (Aerobacter) aerogenes. First, by growth in the presence of drugs at appropriate concentrations, a whole series of strains can be isolated which show an almost complete spectrum of drug resistance. With chloramphenicol and proflavine, for example, the response of the cell is nicely adjusted to the concenration of drug to which it has been exposed. This is clearly seen in families of lncentation curves, of which an example is shown in Fig 1. The various strains were obtained by serial subculture in medium containing increasing levels of drug until the desired concentration was reached, and were then subcultured many times at this contration. Fig 1 shows that a strain trained to a concentration imn of drug is resistant to all concentrations of drug up to imn and slightly more. Indoed the horizontal spacing of the curves is given by the relation It is assumed that the lag (L) is equal to A/R where A is a constant and R is the rate of operation of an enzyme process, R itself depending on the concentration (c) of the substrate which the enzyme employs, in a manner expressible by a kc Langmuir isotherm: i.e. R = -where k and b 1+bc are constants. The influence of the drug is taken to change c as follows. In drug-free medium it is c1. Addition of the drug reduces it, so c=c1-(I)(m) where the function :P(m) of the drug concentration characterizes the drug. After adaptation, c will have returned to cl, even in the presence of the drug, so that if the cells are returned to drug-free medium there will be an immediate increase to c=c±+ (m) . For cells first adapted to a concentration mi and then transferred to a concentration m, the value of c will be given by c=c+ D(ffi)-4)(m). It is perfectly true that these results are also interpretable in terms of complex polygenetic systems if sufficient assumptions are made. Besides the graded response, these would also need to account for the observed stability relations. It is our experience that cells which have been lightly exposed to a drug lose their resistance easily in drug-free medium and that, in general, the more prolonged the exposure the more stable the resistance. As well as proflavine and chloramphenicol, this approach has been applied in a similar way to the resistance of K. aerogenes to other drugs such as propamidine, oxytetracycline, potassium tellurite and crystal violet.
The behaviour of K. aerogenes when first exposed to streptomycin is very different. On agar plates a survival of about one cell in 107 occurs over a wide range of drug concentrations, and cells which have survived a low concentration, i.e. 1 ,ug/ml, grow without lag at concentrations ranging from 1 ,ug/ml to several hundreds. This has all the attributes of a mutational response, which is further borne out by the fact that using the technique of replica plating we have isolated resistant strains which have never come into contact with the drug. Furthermore, exposing cultures to radiations increased the mutation rate, while growing them in tubes screened by lead blocks reduced it, suggesting that they owe their origin to the action of natural radiations (Drabble 1961 , Drabble & Hinshelwood 1961 . Streptomycin-resistant cells adsorb less drug than sensitive cells, which is also compatible with the consequence of a destructive mutation involving a loss of receptors, whereas proflavine-resistant cells adsorb slightly more drug. Clearly then the method by which resistance develops depends upon the organism and the drug. There can be no place for a partisan attitude of 'either/or'. Direct experiment and direct experiment alone permits a choice to be made between the alternatives.
Sometimes resistance can be developed in too short a time interval to allow of any appreciable selection, and in a manner which suggests a response by the bulk of the population of cells. This has been achieved by adding the drugs proflavine, 5-aminoacridine or propamidine in a gradual manner to actively growing cultures of bacteria. The end result was a culture multiplying in the presence of a level of drug which, if added in one portion, would have resulted in a long lag. Usually resistance obtained in this way is unstable, but repeating the process several times, with intervening subcultures in drug-free medium, increased the stability (Dean & Broadbridge 1963) .
Plating K. aerogenes on chloramphenicol agar in specially chosen conditions also provided evidence for a similar bulk response. A concentration was chosen which allowed all the cells in an inoculum of 100-200 cells to form colonies, although the colony growth rate was lower than normal. This result suggests adaptation rather than selection. By stepwise transfer from plate to plate at gradually increasing concentrations, it was possible to obtain highly resistant forms, through a series of stages in which the survival on the plates remained high throughout. Moreover, in those circumstances in which the colonies grew at a reduced rate, successive transfers at a given drug concentration progressively improved the rate. Further tests showed that this was not due to the selection of rare types since, when colonies were picked off, resuspended in saline, and plated at a range of drug concentrations, the size ratefollowing the Addition ofbarbitone (1I,000 mg/i) to a turbidostat culture of K. aerogenes already in the steady state of growth in drug-free medium distribution of the colony diameters were unimodal (Dean 1960) .
The example of barbitone and K. aerogenes illustrates some further points. Barbitone is not a potent antibacterial agent, and a concentration of 1,000 mg/l produces a negligible lag in batch culture. Nevertheless, a family of lag-concentration curves has been obtained using higher concentrations and analysed in the usual way (Dean & Moss 1967) . A greater effect is observable on the growth rate. The most informative results were obtained when the technique of continuous culture was used. In this, fresh medium is continually added to a culture growing in a suitable vessel from which the culture simultaneously overflows, and in contrast to batch culture, true steady states of growth are eventually obtained in a constant environment. We used the turbidostat technique, in which all the important ingredients of the medium are present in excess of requirement and growth proceeds at the optimum rate possible in the given conditions. Fig 2 shows the effect of adding 1,000 mg/l barbitone to a culture of K. aerogenes already in the steady state of growth in drug-free medium. Simultaneously with this addition, the feed of fresh medium was changed from drug-free medium to one containing 1,000 mg/l barbitone. The growth rate of the culture passes through a series of damped oscillations of a very regular nature, which closely approximate to a damped harmonic motion, until a new steady state of growth is reached. More than 90% of the cells remained viable, and this is clearly a mass response, since on a selection basis it would be necessary to explain how slower growing cells overgrow faster-growing ones as the oscillatory phase progresses. No lag occurred when the drug was added. In sharp contrast, when streptomycin (1 pig/ml) was added to the continuous culture system, operation had to be stopped for 12 hours, and when it was restarted the growth rate of the culture increased rapidly to the steady state level without oscillation. In the turbidostat technique of continuous culture, the aim is to keep the turbidity of the culture constant, and this is achieved by switching on and off the influx of fresh medium. If, therefore, only rare mutant types can grow, operation will be stopped until by their multiplication the mutants make a detectable contribution to the mass of the culture. The time interval can easily be calculated if the frequency of mutation is known, and was found to agree closely with the observed period of 12 hours.
The central theme of the present thesis is a modification of the enzyme balance of the cells. The barbitone experiments illustrated this also in a dramatic manner, and it is of interest to note that enzyme expansion has been postulated as an explanation of barbitone tolerance in animals (Conney & Burns 1963) . Barbiturates affect glucose metabolism, and in K. aerogenes several pathways co-exist. The initial stages of these involve the direct oxidation of glucose to gluconate by glucose dehydrogenase or its transformation by hexokinase into glucose-6-phosphate, which may then be acted on by glucose phosphate isomerase or glucose-6-phosphate dehydrogenase. In the new steady state of growth in barbitone medium, the activity of the last enzyme was increased 26-fold and that of the others about 14-i1-6-fold. Changes in the enzyme balance of the cells, although less striking, have also been observed in other examples (Dean & Hinshelwood 1966) .
Besides barbitone and streptomycin, my colleague Dr D A Moss has also added nalidixic acid to continuous cultures of K. aerogenes. In the turbidostat, oscillations in the growth rate again occurred, but were much less regular. In the chemostata continuous culture method in which the growth rate of the culture can be varied over wide limits by maintaining the concentration of one of the ingredients in the medium at such a low level that the rate at which medium is added controls the growth rate -the action of the drug varied with the growth rate, the higher the rate the greater the effect. In magnesium-limited systems the drug had a greater action at a given growth rate than in any other nutrient-limited system, suggesting that the drug is antagonized by esium ions. Tempest & Strange (1966) showed that, with the exception of cells grown in magnesium-limited conditions, a proportion of the total cellular magnesium content of K. aerogenes is removable by washing the cells with saline, and ascribed this to a loosely bound surface layer of magnesium ions. Moss confirmed this, and found that saline-washed cells obtained from a glucose-limited chemostat died more rapidly in the presence of nalidixic acid than water-washed cells, which have a higher magnesium content. Indeed the death rate of the latter was the same in the presence and in the absence of drug, which confirms what has been said earlier about the effect of the growth rate on the activity of nalidixic acid. However this is not the complete picture since even when the growth medium contained a large excess of magnesium ions the growth rate in the presence of 65 mg/l of drug was only 0-6 h-' compared to a control value of 1 25 h-1. These investigations are proceeding. Although the number of cases in Britain is steadily declining, tuberculosis in developing countries is probably the most important, in terms of numbers of patients and economic effects, of those communicable diseases for which some prospect of control and eventual prevention exists. Chemotherapy is necessary not only for treating ill patients, but also for preventing the transmission of infection to the contacts of patients. We can only hope to reduce the prevalence of tuberculosis if such treatment has a high level of effectiveness.
II. Clinical Applications of Antibiotic and Chemotherapeutic Agents
Regimens of chemotherapy given in Britain are almost always effective when given to co-operative patients with initially drug-sensitive organisms. However, such regimens are far too expensive for use in most of the developing countries.
Low Cost Regimens of Thiacetazone and Isoniazid
A series of studies in East Africa has shown that a basic regimen of isoniazid and thiacetazone is similar in efficacy and toxicity to a regimen of PAS and isoniazid, but about ten times cheaper. However, these two-drug regimens produce bacteriologically quiescent disease in only about 85 % of patients. Since regimens commencing with a period of triple-drug treatment have high levels of efficacy (International Union against Tuberculosis 1964), the influence of an initial supplement of streptomycin to the basic thiacetazone/isoniazid regimen was investigated in two trials (East African/British Medical Research Council 1966 , 1970b . In both, African patients aged 15 years or more with previously untreated, acute, extensive pulmonary tuberculosis were studied. In the 1966 study, patients were allocated thiacetazone 150 mg and isoniazid 300 mg daily (TH series) or the same regimen with an initial supplement of streptomycin 1 g daily for 8 weeks (STH series). The severity of the disease on admission to treatment was similar in the two series. In assessing the results (Table 1) , patients with a negative culture at 10, 11 and 12 months or, occasionally, with a single isolated positive culture were classified as having a favourable response at 12 months. Those who consistently yielded positive cultures, who died from tuberculosis or who had serious drug toxicity were considered as having an unfavourable response.
A favourable response was obtained in 79 % of 181 TH patients and in 90% of 162 STH patients (P <0 01). Isoniazid resistance also emerged less frequently in the STH than in the TH series. The results of sensitivity tests and serial urine tests for isoniazid in the STH series suggested that, for the majority of those patients whose chemotherapy failed, the cause of failure was irregular drugtaking during the later months of treatment. 
